The present study describes the thalamic innervation coming from the rat parafascicular nucleus (PF) onto striatal and subthalamic efferent neurons projecting either to the globus pallidus (GP) or to the substantia nigra pars reticulata (SNr) by using a protocol for multiple neuroanatomical tracing. Both striatofugal neurons targeting the ipsilateral SNr (direct pathway) as well as striatal efferent neurons projecting to the ipsilateral GP (indirect pathway) were located within the terminal fields of the thalamostriatal afferents. In the subthalamic nucleus (STN), both neurons projecting to ipsilateral GP as well as neurons projecting to ipsilateral SNr also appear to receive thalamic afferents. Although the projections linking the caudal intralaminar nuclei with the ipsilateral striatum and STN are far more prominent, we also noticed that thalamic axons could gain access to the contralateral STN. Furthermore, a small number of STN neurons were seen to project to both the contralateral GP and PF nuclei. These ipsi-and contralateral projections enable the caudal intralaminar nuclei to modulate the activity of both the direct and the indirect pathway. J. Comp. Neurol. 483:143-153, 2005.
First, there is overwhelming evidence that the basal ganglia circuits are highly collateralized. Efferent neurons within the striatum, both segments of the globus pallidus, STN, and the substantia nigra pars reticulata (SNr) interact with different target structures through axon collaterals (see Parent et al., 2000 , for a review). Second, the GPe can no longer be seen as a simple relay nucleus located between the striatum and the STN. Hence, what was formerly known as an "indirect pathway" is currently considered as a complex network in its own right, where the STN and both the internal and external divisions of the globus pallidus (GPi and GPe, respectively) are closely interconnected, modulating basal ganglia output (Shink et al., 1996; Joel and Weiner, 1997; Nambu, 2004) . Finally, the roles of transverse circuits that link the thalamus to the striatum and STN have been largely neglected in most studies dealing with basal ganglia function (Obeso et al., 2000) . Besides cortical inputs, the rat parafascicular thalamic nucleus (PF) is known to be one of the most important sources of striatal afferents (Féger et al., 1994; Deschênes et al., 1995 Deschênes et al., , 1996 Rudkin and Sadikot, 1999; Gonzalo et al., 2002; Vercelli et al., 2003) . Within the striatum, projection neurons are approached by thalamic afferents (Dubé et al., 1988) , resulting in an excitatory effect (Buchwald et al., 1973; Kitai et al., 1976; Kocsis et al., 1977; Wilson et al., 1983) . Indeed, it is worth noting that different types of striatal interneurons are known to be postsynaptic targets for thalamostriatal afferents (Lapper and Bolam, 1992; Bennet and Bolam, 1994; Sidibé and Smith, 1999; Rudkin and Sadikot, 1999) . Thalamic afferents arising from the PF may also have access to the STN (Marini et al., 1999; Gonzalo et al., 2002) , these projections being arranged topographically (Lanciego et al., 2004) . Moreover, thalamo-subthalamic projections are mediated by glutamate (Mouroux and Féger, 1993; Mouroux et al., 1995) and are known to be overactive in unilaterally dopamine-depleted rats (Orieux et al., 2000) . This issue raises the question of whether the increased activity of the STN upon unilateral dopamine depletion might be provoked by thalamic overactivity. In this regard, Bacci et al. (2004) recently demonstrated that the ibotenateinduced lesion of the caudal intralaminar nuclei is highly effective in preventing the increases in metabolic activity within the STN, GP, SNr, and entopeduncular nucleus (ENT, the rodent analog of primate GPi) that typically follow unilateral dopamine depletion in rats.
In order to assess the potential roles of thalamic neurons in the modulation of basal ganglia transmission at different levels, we performed a multiple tracing study based on confocal laser-scanning microscopy (CLSM). Our aim was to elucidate whether the striatal and STN neurons that project to the same area of the GP receive thalamic inputs from the PF, and whether PF neurons innervate striatal and STN neurons projecting to the same area of the SNr.
MATERIALS AND METHODS
A total of six female Wistar rats (240 -290 g) were used in this study. At all times animals were handled according to the European Council Directive 86/609/EEC as well as in agreement with the Society for Neuroscience Policy on the Use of Animals in Neuroscience Research. The experimental design was approved by the Ethical Committee for Animal Testing at the University of Navarra (Ref. 037/2000) .
Surgical procedure
Animals were deeply anesthetized with an intraperitoneal injection of a mixture of four parts of Ketaset (1% of a solution of ketamine, 75 mg/kg) and three parts of Rompun (2% of a solution of xylazine, 10 mg/kg). The rats were then placed in a stereotaxic frame (David Kopf, Tujunga, CA; frame for small animals) and all tracers were injected in a single surgical session. The stereotaxic coordinates were taken from the atlas of Paxinos and Watson (1998) . The tracer biotinylated dextran amine (BDA, Molecular Probes Europe, Leiden, The Netherlands) was iontophoretically delivered to the left parafascicular nucleus (PF) in a 10% solution in 0.01 M phosphate buffer (PB), pH 7.25, using a glass micropipette (inner tip diameter 25-40 m) and a positive-pulsed direct current (5 A, 7 seconds on/off). In order deposit only small amounts, the tracer was injected for ϳ3-5 minutes and once completed the micropipette was left in place for 10 minutes before withdrawal. During removal of the micropipette the polarity of the current was reversed in order to minimize tracer uptake through the injection tract. Next, the tracer cholera toxin ␤ subunit (CTB, List Biological Laboratories, Campbell, CA) was pressure-injected (0.5 l of a 2% solution in 0.1 M PB, pH 7.3) with a Hamilton syringe in the ipsilateral substantia nigra reticulata (SNr). Finally, the retrograde tracer Fluoro-Gold (FG, Fluorochrome LLC, Denver, CO) was iontophoretically delivered in the ipsilateral globus pallidus (GP) in a 2% solution in 0.1 M cacodylate buffer, pH 7.3, using the same parameters as described for the BDA injections.
Tissue processing
One week postinjection, animals were anesthetized with an overdose of 10% chloral hydrate and then transcardially perfused with a saline Ringer's solution followed by 500 mL of a cold fixative solution containing 4% paraformaldehyde and 0.1% glutaraldehyde in 0.125 M PB, pH 7.4. After perfusion, the skull was opened and the brain removed and stored in a cryoprotective solution containing 20% glycerin and 2% dimethylsulphoxide in 0.125 M PB, pH 7.4 (Rosene et al., 1986) . Frozen coronal microtome sections (40-m) were obtained and collected in 0.125 M PB, pH 7.4, in 10 series of adjacent sections. Every tenth section was used for triple neuroanatomical tracing combining BDA, CTB, and FG. The remaining series were stored (-80°C) until used for further histological processing. 
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Histology
The sections were first incubated in a cocktail of primary antisera containing goat anti-CTB (1:2,000; List Biological) and rabbit anti-FG (1:2,000; Chemicon, Temecula, CA) for 60 hours at 4°C. Next, the sections were exposed to a cocktail of bridge antisera containing donkey antigoat IgG labeled with Alexa 546 (1:50; Molecular Probes) and donkey antirabbit IgG labeled with Alexa 488 (1:50; Molecular Probes) for 2 hours at room temperature. Finally, sections were incubated in streptavidin labeled with Alexa 633 (1:100) for 90 minutes at room temperature.
Sections were mounted on glass slides using a 0.2% solution of gelatin (Merck, Darmstadt, Germany) in 0.05 M Tris/HCl pH 7.6, dried at room temperature in the dark, rapidly dehydrated in toluene, and coverslipped with Entellan (Merck). All antisera used in this procedure were diluted in 0.05 M Tris-buffered-saline, pH 8, with 0.5% Triton X-100 (Sigma, St. Louis, MO; TBS-Tx). The incubations in the primary antisera were performed with 2% bovine serum albumin (BSA, Merck). Extensive washing with 0.05 M TBS-Tx, pH 8, was carried out throughout the procedure. Several rinses with 0.05 M Tris/HCl, pH 7.6, were conducted prior to mounting the sections in gelatin.
Quantitative analysis
In order to obtain an overall estimate of the number of double-labeled cells within the striatum and STN, a semiquantitative analysis of labeled neurons was performed in six different animals in the X-, Y-, and Z-axis using CLSM. This was carried out by taking four snapshots at a magnification of 40ϫ from the dorsal, lateral, ventral, and medial areas of the striatum. The analysis comprised six striatal rostrocaudal levels (four precommissural and two postcommissural sections), equally spaced 400 m from each other. Neurons positive for FG ("green" channel) were counted first, followed by the CTB-labeled neurons in the "blue" channel. Subsequently, the double-labeled neurons were unequivocally identified in the "overlay" channel. A similar analysis was also carried in the STN, where three snapshots were taken from medial, central, and lateral STN territories, these measurements involving three rostrocaudal STN levels.
Confocal visualization settings
The analysis was conducted using a Zeiss confocal microscope (LSM 510 Meta) equipped with an argon laser with excitation wavelengths of 458, 477, 488, and 514 nm, one helium-neon laser with an excitation wavelength of 543 nm, and another helium-neon laser with an excitation wavelength of 633 nm. In order to ensure the appropriate visualization of labeled elements and to avoid falsepositive results, the emission from the argon laser at 488 nm was filtered through a bandpass filter of 505-530 nm, this emission being color-coded in green. The emission following the excitation with the helium laser at 543 was filtered through a bandpass filter of 560 -615 nm, colorcoded in light blue. Finally, a longpass filter of 650 nm was used for visualization of the emission from the helium laser at 633 nm, this emission being color-coded in red. The sections were first examined using low-magnification lenses (ϫ10 and ϫ20) and photographs were then taken at higher magnification (ϫ40 oil-immersion objective, NA 1.3, and ϫ63 oil-immersion objective, NA 1.4).
RESULTS
The data we report here were obtained from the analysis of six cases from a total of 38 animals that underwent stereotaxic surgery. Only those animals in which the three injected tracers were confined to their respective target area were considered as valid for this study. Animals in which the tracer had leaked into the injection tract were rejected. A schematic representation of the injection sites is shown in Figure 1 .
Ipsilateral thalamostrial projections and their relationship with identified subpopulations of striatal neurons
The delivery of retrograde tracers to either the GP or SNr (FG and CTB, respectively) led to a large number of neurons being labeled throughout the entire rostrocaudal extent of the striatum (Fig. 2) . Three different neuronal populations were observed: 1) the most numerous population consisted of striatal neurons projecting only to the GP (single-labeled with FG), these comprising 54.5% of the total amount of labeled cells; 2) striatonigral neurons single-labeled with CTB (18.41%); and 3) striatal neurons projecting to both the GP and SNr, double-labeled with FG and CTB (27.2%). Of the striatal cells that were labeled with FG after GP injection, an average of 34.3% were double-labeled with CTB. As such, up to a third of the striatal efferent cells projecting to the GP have collaterals that project to the SNr. Approximately 59.6% of the striatal cells that were labeled with CTB were also labeled with FG, suggesting that the majority of striatonigral neurons send collaterals that terminate in the GP. The distribution of the labeled neurons within the striatum depended on the location of the injection sites in the GP or SNr. Striatopallidal neurons projecting to dorsomedial, dorsolateral, ventromedial, and ventrolateral GP areas were located in the dorsomedial, dorsolateral, ventromedial, and ventrolateral striatal territories, respectively. Striatonigral neurons were also found throughout the preand postcommissural striatum. Neurons located in the medial and ventral striatal regions preferentially innervated medial SNr areas, while lateral SNr areas were innervated by striatal neurons located in dorsal and lateral striatal territories. In all cases, double-labeled neurons projecting to both the GP and SNr were found intermingled with single-labeled cells, without presenting any preferred location in the striatum.
Injection of BDA into the PF resulted in intense anterograde labeling of thin varicose fibers that spread throughout the entire rostrocaudal extent of the striatum. In general, thalamostriatal fibers were aggregated in patches or bands of terminal arborizations. Their distribution varied, depending on the site of injection in the PF, as reported previously (Lanciego et al., 2004) . Striatal neurons projecting to GP as well as striatal neurons projecting to SNr were often located within patches of anterogradely labeled thalamic afferents (Fig. 2) .
Ipsilateral thalamo-subthalamic projections and their relationship with STN efferent neurons
Massive retrograde cell labeling was observed in the STN as a result of tracer deposits in either the GP or SNr. In agreement with earlier reports (Van der Kooy and Hattori, 1980; Kita et al., 1983; Kita and Kitai, 1987; Plenz and Kitai, 1987; Parent et al., 2000) , efferent STN axons are highly branched, the most prominent cell types were double-labeled neurons with FG and CTB. Hence, most of the efferent STN neurons, 66.4% of the total amount of labeled neurons, projected to both GP and SNr. Neurons that projected only to the GP (single-labeled with FG) represented 20.4% of the labeled neurons on average, while a smaller population of STN neurons projected exclusively to the SNr (10.2% of CTB-single-labeled neurons). Of the STN cells labeled with FG after injection to the GP, an average of 76.4% were double-labeled with CTB. This indicates that a large number of STN efferent cells projecting to the GP have collaterals to the SNr. Indeed, ϳ86.6% of the STN cells labeled with CTB were double-labeled with FG, suggesting that the majority of STN neurons projecting to the SNr send collaterals that terminate in the GP. Both the FG-and CTB-labeled neurons were intermingled, and they were distributed throughout the entire extent of extent of the STN nucleus, with no single preferred location (Fig. 3) .
Thalamic axons arising from the PF arborized profusely within the STN and these thalamic afferents consisted of thin, densely branched, varicose fibers. Both single-and double-labeled STN efferent neurons were found within terminal fields of thalamic afferents (Fig. 3) . Although the distal dendrites of STN neurons are known to be the main target for thalamic glutamatergic axons, several axosomatic contacts between thalamic afferents and STN neurons projecting to the GP were clearly identified (Fig. 3) .
The anterograde tracer BDA can also be transported bidirectionally, often resulting in Golgi-like labeling. Accordingly, a reduced number of neurons retrogradely labeled with BDA were observed within the STN, representing a small population of STN neurons that projected to the ipsilateral PF (up to 2.2% of the total amount of STN retrogradely labeled neurons; Fig. 3 ) These neurons were single-labeled with BDA and appeared to be approached by thalamic inputs.
Contralateral thalamo-subthalamic projections
In all animals injected with BDA in PF, a small number of anterograde labeled fibers were observed within the contralateral STN. These fibers reached the STN laterally, arborizing according to a complex pattern in medial STN areas. The terminal fields of contralateral thalamo-subthalamic axons were typically characterized by thick varicosities and a high density of terminal boutons (Fig. 4) .
Contralateral subthalamo-pallidal and subthalamo-thalamic projections
Due to the bidirectional nature of the tracer BDA, a small number of retrograde labeled neurons were also observed in the contralateral STN (2-5 neurons per section). As such, there was a small subpopulation of efferent STN neurons that projected directly to the contralateral PF, in accordance with the pioneering observations made by Gerfen et al. (1982) . Furthermore, these BDA-labeled neurons also contained retrograde transported FG (delivered to the contralateral GP), indicating that these double-labeled neurons project to both the contralateral PF and GPe (Fig. 5) . This phenotype of double-labeled STN efferent cells was seen in all cases, independent of the location of the tracer deposits within the GP and PF.
DISCUSSION
The present study provides evidence of the complex modulation of basal ganglia circuits by thalamic inputs arising from the caudal intralaminar nuclei in rats. At the striatal level, neurons projecting to the GP, neurons projecting to the SNr, and neurons projecting to both the GP and SNr are located within the terminal fields of thalamostriatal afferents. Furthermore, up to five distinct types of efferent neurons were found in the STN: 1) neurons projecting to the GP; 2) neurons projecting to the SNr; 3) neurons projecting to both the GP and SNr; 4) neurons projecting to the ipsilateral PF; and 5) neurons projecting to both the contralateral PF and GP. Finally, it is worth noting that the STN receives two different kinds of thalamic innervations, a massive projection from the ipsilateral PF, and a more sparse projection originating in the contralateral caudal intralaminar nuclei. A flow-chart illustrating a summary of the labeled elements observed here is provided in Figure 6 .
Technical considerations
With respect to the possible appearance of staining artifacts, some methodological considerations should be taken into account. First of all, the incorrect detection of fluorescent emissions by the CLSM might naturally led to the detection of a false signal. The use of bandpass filters (as stipulated in Materials and Methods) together with the use of the so-called "multitracking" scanning in the X-Y-Z axis ensures the appropriate visualization of the fluorescent emissions from each fluorescent dye. In this way, we have avoided the so-called phenomenon of "crosstalk." Another possible source of false signals is related to the uptake of FG by fibers of passage, since in rodents the GP is an area rich in fibers. It is generally accepted that by performing iontophoretical delivery of the dye the amount of FG that is taken up by fibers damaged in the injection process is minimized (Schmued and Fallon, 1986; Pieribone and Aston-Jones, 1988; Schmued and Heimer, 1990; Divac and Mogensen, 1990) .
A further limitation of the methods we have applied is the difficulty in defining whether a physical contact represents the presence of a synapse at the light microscopical level. While the CLSM increases the resolution by a factor of 1.4 in comparison to light microscopy (Pawley, 1995; Inoué, 1995) , terminal boutons or synaptic contacts can only be properly visualized with electron microscopy. Nevertheless, we have followed the criteria suggested by Wouterlood et al. (2002a,b) to ascertain whether a point of physical contract represents a "true" synapse. However, the accurate visualization of synaptic contacts between labeled fibers and dendritic shafts or spines located far away from the neuron soma is sometimes hampered by the intrinsic nature of retrograde tracing techniques. Indeed, even with sensitive retrograde tracers such as FG, the transported marker is most often only visible within the neuronal soma and the thickest main dendrites. 
Collateral projections of striatofugal and subthalamofugal neurons
Striatal efferent neurons with axons that reach the GP are known to express the peptide enkephalin (ENK-ir), whereas those neurons with axons terminating in the SNr coexpress substance P (SP-ir) and dynorphin Reiner and Anderson, 1990) . Furthermore, results from in situ hybridization studies suggest that SP-ir neurons express D1 receptor mRNA, but little or no D2 transcripts, and that ENK-ir neurons express D2 receptor transcripts, with little or no D1 receptor mRNA (Gerfen et al., 1990; Le Moine et al., 1991; Gerfen, 1992; Robertson, 1992) . These results have established the basis for the segregation of the striatal output pathways, one of the cornerstones of the current basal ganglia model. However, other studies have challenged these conclusions, showing a considerable overlap (25-42%) in the expression of D1 and D2 receptor mRNA in striatal neurons (Meador-Woodruff et al., 1991; Weiner et al., 1991) . Indeed, Surmeier et al. (1992 Surmeier et al. ( , 1993 showed that up to 60% of striatonigral neurons contain D2 protein and, more recently, both receptor subtypes were identified in retrogradely labeled striatonigral and striatopallidal neurons using CLSM analysis of fluorescent tagged D1A and D2L receptor antibodies . Sensitive singlecell labeling studies in rats and primates have revealed that the striatofugal system is highly collateralized, about two-thirds of striatofugal neurons project to two or three striatal target structures (Kawaguchi et al., 1990; Parent et al., 1995 Parent et al., , 2000 Wu et al., 2000) . Up to three different types of striatofugal neurons were identified: type I neurons that project only to the GP; type II neurons that project to both the GP and SNr; and type III neurons that reach the GP, the entopeduncular nucleus, and the SNr (for more details, see Wu et al., 2000) . Thus, the striatofugal system cannot longer be seen as a projection system characterized by a simple mode of dual transmission (direct and indirect pathways). Our results confirm the existence of collateral projections from striatofugal neurons, showing that an average of 34.3% of striatopallidal neurons also project to the SNr, while the majority of striatonigral neurons (59.6%) send collaterals to terminate in GP. Some minor differences between the data from juxtacellular studies and that obtained using retrograde tracers are likely to reflect the lack of concordance between the location of the injection sites and that of the pallidal and nigral axonal arborization of striatofugal neurons.
The highly branched nature of STN axons has been confirmed in several anatomical studies indicating that most STN neurons send axons to both the SNr and GPi (Van der Kooy and Hattori, 1980; Kita et al., 1983; Kita and Kitai, 1987; Plenz and Kitai, 1999) . More recent anatomical data identified up to five distinct subtypes of STN efferent neurons each of these subtypes being characterized by a distinctive pattern of axonal collateralization Parent et al., 2000) . In agreement with these reports, our results show that an average of 76.4% of subthalamopallidal neurons also project to the SNr, while most subthalamonigral neurons send collaterals towards the GP (86.6%).
In summary, the data presented here are in accordance with earlier reports showing that both the striatofugal and subthalamofugal projections are highly collateralized systems, whose elements are endowed with highly branched axons enabling them to simultaneously influence several basal ganglia nuclei. At this point, it is worth noting that all types of striatal and subthalamic efferent neurons seemed to be tentatively approached by thalamic afferents, as discussed below.
Ipsilateral thalamic modulation of basal ganglia circuits
The role of the caudal intralaminar nuclei in basal ganglia function has generated interest over the past few years. Significant cell loss has been found in the centromedian-parafascicular complex (CM-PF, the analog to the rodent PF in higher mammals) in the brains of patients with Parkinson's disease (Henderson et al., 2000a,b) . Furthermore, the ibotenate-induced lesion of the PF in healthy rats results in dramatic changes in the metabolic activity of several basal ganglia nuclei, including the striatum, the output nuclei, and intrinsic nuclei such as the GP and STN (Bacci et al., 2002) . When considering unilaterally dopamine-depleted rats, the chemical lesion of PF is capable of preventing the increase in metabolic activity typically observed in the output nuclei (Bacci et al., 2004) .
At the striatal level, the postsynaptic structures reached by neurons from the caudal intralaminar nuclei include several types of striatal interneurons (Lapper and Bolam, 1992; Bennet and Bolam, 1994; Rudkin and Sadikot, 1999; Sidibé and Smith, 1999) , as well as striatal neurons projecting to the output nuclei (Lanciego et al., 2004) . According to the data reported here, the fact that PF fibers appear to contact striatal neurons involved in either the direct or indirect pathways contrast with findings in monkeys where striatal neurons projecting to the GPi are preferentially afferented by thalamic axons (Sibidé and Smith, 1996) . We consider that this variation does not reflect a major difference between rodents and primates in the organization of the thalamostriatal system, but simply reflects the different methodological approach used in the two studies.
The thalamus is thought to modulate the activity of the GP and SNr in a highly complex manner. On the one hand, neurons located in the caudal intralaminar nuclei supply afferents to both striatal and subthalamic neurons projecting to the same area of the GP. Thalamic projections to striatopallidal neurons might reduce the activity of GP neurons by increasing the amount of GABA received by pallidal neurons. In contrast, the excitatory thalamic innervation of glutamatergic subthalamopallidal neurons might induce the opposite effect. On the other hand, PF neurons also innervate striatal and STN neurons projecting to a single area of the SNr. Therefore, the resulting activity of SNr neurons might be seen as a balance of increased GABA innervation coming from striatonigral neurons receiving thalamic excitation, and increased glutamate levels coming from subthalamonigral-projecting neurons, which also receive thalamic afferents. Besides the role played by thalamo-striato-pallidal, thalamo-subthalamo-pallidal, thalamo-striato-nigral, and thalamo-subthalamo-nigral loops, it is also worth noting that direct PF projections to the entopeduncular nucleus, SNr, and GP have been reported elsewhere (Kincaid et al., 1991; Marini et al., 1999) . In this regard, recent anatomical work by Yasukawa et al. (2004) nicely demonstrated that PF afferents to the GP are topographically organized in parallel to the PF projections to the striatum.
Anatomical substrates underlying a complex thalamic modulation of STN activity
The increased activity of the STN is thought to exert an important influence on basal ganglia pathophysiology, al- though the precise reason for this overactivity remains to be elucidated. According to Orieux et al. (2000) , the metabolic activity of PF neurons projecting to the STN is increased by up to 62% in dopamine-depleted rats when compared to sham-lesioned animals. In contrast, cortical neurons projecting directly to the STN, the so-called hyperdirect pathway (see Nambu et al., 2002) , displayed a marked decrease in the expression of mRNA encoding for subunit I of cytochrome oxidase in 6-OHDA-lesioned rats (Orieux et al., 2002) .
There are several pathways that exert both a direct and indirect influence of STN activity through thalamic afferents. First, the STN nucleus receives excitatory, glutamatergic afferents arising from the ipsilateral PF Marini et al., 1999; Gonzalo et al., 2002; Lanciego et al., 2004) as well as from the contralateral PF, the latter being composed of only a few fibers (see also Gerfen et al., 1982) . Second, the thalamus might produce indirect excitation of STN neurons by reducing the activity of GP neurons through the thalamostriatal projections to striatopallidal neurons. Finally, it is important to take into account the presence of STN neurons projecting simultaneously to both the contralateral PF and GP, these neurons being consistently found here in all injected cases. A key question is whether the small amount of STN neurons (2-5 neurons per section) projecting contralaterally to both PF and GP is simply an idiosyncrasy of the system or whether it has a significant impact on basal ganglia function. If this were the case, it would be possible to speculate that the activity of one STN nucleus might be under the indirect control of the contralateral STN, since crossed excitatory subthalamopallidal projections could reach GABAergic pallidosubthalamic neurons. In this respect, Mouroux et al. (1995) reported opposing changes recorded in the ipsi-and contralateral STN nucleus after unilateral drug-induced stimulation or inhibition of the PF. The delivery of carbachol into the PF resulted in a marked increase of ipsilateral STN activity (up to 119% of excitation) and a decrease in the activity of the contralateral STN (49%). Opposite effects were noticed after microinjection of muscimol, i.e., inhibition of the ipsilateral STN (91% of decrease) and excitation of the contralateral STN (47%). Hence, we consider that crossed thalamosubthalamic projections as well as contralateral subthalamopallidal and subthalamothalamic projections might provide the anatomical basis to explain these electrophysiological findings.
There is conclusive evidence that crossed interhemispheric projections at different levels link basal gangliarelated nuclei to several structures located in the contralateral hemisphere. The best characterized of these decussation is the crossed nigrostriatal projection, whose projection constitutes about 1-4% of the ipsilateral labeling (Fass and Butcher, 1981; Gerfen et al., 1982; Loughlin and Fallon, 1982; Altar et al., 1983; Consolazione et al., 1985; Douglas et al., 1987) . The existence of contralateral projections linking the substantia nigra with the thalamus was also demonstrated through projections from the nigral afferents to the mediodorsal thalamic nucleus (Beckstead et al., 1979) , as well as to the ventromedial thalamic nucleus (Hekerham, 1979) . Contralateral nigrothalamic projections comprise about 5% of the ipsilateral labeling (Rodríguez et al., 2001 ). Another decussation is represented by efferents arising from the deep mesencephalic nucleus that reach the contralateral thalamus. Indeed, this crossed projection represents up to 23% of the ipsilateral projection (Rodríguez et al., 2001; Gonzá lezHerná ndez et al., 2002) . Other sources of contralateral basal ganglia projections involve the bilateral nigral innervation coming from parabrachial-pedunculopontine areas (Gerfen et al., 1982) , bilateral nigro-tectal projections (Deniau et al., 1977) , descending bilateral projections from PF to the raphe system (Marini and Tredici, 1995) , and a small projection linking the STN with the contralateral PF (Gerfen et al., 1982) , the latter clearly confirmed by the present data.
CONCLUSION
Our data are indicative of a key role played by the caudal intralaminar nuclei in basal ganglia organization. Due to the complex arrangement of the ipsi-and contralateral thalamic projections to several basal ganglia nuclei, the caudal intralaminar nuclei can exert a multifaceted influence of both the direct and indirect pathways of basal ganglia transmission at different levels. The data reported Fig. 6 . Flow chart summarizing the main findings of the present study. The complex arrangement of the PF efferent pathways, together with the existence of ipsi-and contralateral projections, enables the PF nucleus to exert a multifaceted influence on basal ganglia circuits, at different levels. The caudate-putamen is abbreviated CPu.
here, together with that from the literature, call for a reappraisal of the current model of basal ganglia function. First, there is conclusive evidence for a high degree of collateralization in the basal ganglia system, by virtue of which an efferent neuron can simultaneously influence several basal ganglia nuclei. Second, the thalamus can no longer be seen as a simple relay station between the output nuclei and the cortex, since at least the caudal intralaminar nuclei are capable of modulating basal ganglia transmission at different levels. Third, new data suggest the existence of crossed projections arising from PF and reaching the contralateral STN. Finally, a small population of STN neurons projects simultaneously to both the contralateral GP and PF, via axon collaterals. Although the role of this projection remains to be elucidated, an attractive hypothesis is that the activity of one STN might be under the indirect control of the contralateral STN through crossed subthalamopallidal projections.
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